G lobally, uterine cervical carcinoma (CA-CX) is the fifth most common cancer, 1 and each year there are approximately 450 000 new cases of invasive cervical cancer diagnosed (about 12% of all cancers in women), with 300 000 deaths from the disease (World Health Organisation 1996). CA-CX is the most common cancer among Indian women, 2 and approximately 1/5 to 1/6 of cervical cancers worldwide occur in India. 3 Several possible contributory factors have been implicated in the development of CA-CX, such as the use of oral contraceptives, young age at marriage, multiparity, immunosuppression, low socioeconomic and educational status, multiple sex partners, smoking, and others. [4] [5] [6] [7] [8] However, no one has linked menopausal status with the incidence of CA-CX, although an association has been found between menopausal status and breast and biliary tract cancer. 9 10 Human papillomavirus (HPV) infection has been shown to be one of the most important aetiological factors in the development of CA-CX, particularly infection with high risk HPV types 16, 18, 33, and 42. 11-14 Because only a minority of HPV positive lesions progress to invasive cancer after a long latent period, additional somatic events, including the functional inactivation of tumour suppressor genes (TSGs) and activation of oncogenes, are thought to be required for malignant transformation. 15 16 "Whereas gain on chromosome 3q may represent the presence of an oncogene at this locus, chromosomal losses might represent the location of putative tumour suppressor genes" Cytogenetic analysis of CA-CX lesions, although limited, has revealed frequent non-random chromosomal aberrations, including deletions, amplifications, and isochromosome formation. 16 Comparative genomic hybridisation of cervical tumours has identified over-representation of chromosome 3q as a recurrent event in invasive tumours and underrepresentation of chromosomal arms 2q, 3p, 6p, 8p, 11q, and 13q during tumour progression. 17 18 Whereas gain on chromosome 3q may represent the presence of an oncogene at this locus, chromosomal losses might represent the location of putative TSGs.
Loss of heterozygosity (LOH) studies of primary CA-CX have shown allelic loss on several chromosomal arms, such as 3p, 6p, 11q, and 18q. 19 20 Although the involvement of chromosome 3p deletions in the development of CA-CX has been confirmed by LOH studies using chromosome specific probes, there are several discrepancies between the reports defining the commonly deleted regions and frequencies of LOH. Mullokandov and colleagues 20 found an overall frequency of 39% LOH at the 3p21.3, 3p22.1-24.1, and 3p25.1-25.3 regions, whereas Larson and colleagues 21 detected an overall frequency of 70% LOH in CA-CX, with the most frequent deletion being at the 3p14 region. However, the highest frequencies of LOH detected by Mitra et al were 40% and 32% at the 3p21.33-22.1 and 3q28-29 regions, respectively, in CA-CX samples from Indian patients using restriction fragment length polymorphism (RFLP) markers. 19 Some investigators reported a gradual increase in the deletion frequency of chromosome 3p alleles along with tumour progression using samples at different stages from the same individual, but no statistical correlations were made with the associated regions, probably because of the low sample number. 22 23 In addition to LOH, microsatellite size alteration (MA) is another genetic change that has been associated with several human cancers. 24 The mechanisms underlying MA are currently unknown, but they probably represent a form of genomic instability. 24 About 35% of CA-CX samples of Western origin have been shown to exhibit MA. 22 Hampton and colleagues 25 have demonstrated an association between ethnicity and aetiological factors and the chromosomal deletions seen in CA-CX development; the frequency of chromosome 4p deletion differed between CA-CX samples of Indian origin and those from patients of white/Hispanic/American black origin using the same RFLP probes. Until now, few attempts have been made to carry out deletion mapping of chromosome 3 in CA-CX samples from Indian patients using highly polymorphic microsatellite markers to evaluate the deletion pattern, in addition to localising the candidate TSGs associated with the development of this tumour.
Thus, in our present study, we have attempted to map the frequently deleted regions on chromosome 3 in 50 cervical lesions of Indian patients using 20 highly polymorphic microsatellite markers. The deletion pattern and MA were correlated with different clinicopathological parameters, such as clinical stage, HPV infection, and menopausal status, to investigate whether there is an association between any of these factors and chromosomal alterations.
MATERIALS AND METHODS
Sample collection and clinical data Fifty freshly operated uterine cervical lesions from previously untreated and unrelated individuals with corresponding normal tissue or peripheral blood leucocytes were used for our analysis (table 1). The tissues were obtained from the patients treated at the hospital section of Chittaranjan National Cancer Institute, India after appropriate informed consent by the patients and approval of the protocol by the hospital authorities. The samples were frozen immediately after collection and stored at −80°C until use. Table 1 provides a detail clinical history of the patients. Clinically, the tumours were graded and staged according to the FIGO classification. The average age of the patients was recorded as 44 years, with a mean length of time married of 16 years and parity ranging from one to 10. Twenty three of the patients were premenopausal, whereas the remainder (27) were postmenopausal.
Microdissection and DNA extraction
The normal cells present as contaminants in the primary uterine cervical lesions were removed by microdissection. 26 Samples containing < 60% tumour cells were not analysed. High molecular weight genomic DNA was extracted from the tissues according to the standard procedure. 26 Selection of microsatellite markers Twenty highly polymorphic microsatellite markers spanning the entire length of chromosome 3 ( fig 1) were selected for our analysis. Fifteen markers were taken from the chromosome 3p region and five markers from 3q (fig 1) . The SST marker from the chromosome 3q27.3 region was used as a control. All the markers showed > 69% informativity in our samples (data not shown). The localisation and physical distance between the markers were obtained from http://genome.ucsc.edu, except for D3S1289, in which case the information was obtained from the Genome Database.
Microsatellite analysis and interpretation of LOH and MA A standard polymerase chain reaction (PCR) analysis containing a [γ- 32 P] ATP end labelled forward primer was performed in a 20 µl reaction volume, as described by Dasgupta et al. 26 The DNA samples were amplified for 30 cycles in a thermal cycler (Techne, Cambridge, UK), comprising one minute at 95°C, one minute at the appropriate annealing temperature (50-60°C), and two minutes at 72°C, followed by a final extension step at 72°C for seven minutes. The analysis of PCR products on denaturing polyacrylamide sequencing gels was performed as described by Dasgupta et al. 26 LOH was determined by densitometric scanning (CS-900; Shimadzu, Kyoto, Japan) of the autoradiographs. For informative cases, allelic loss was scored if there was complete loss of one allele or if the relative band intensity of one allele was decreased at least 50% in the tumour, compared with the same allele in the corresponding normal control. The value was calculated as the ratio of the band intensities of the larger to the smaller alleles in the tumour DNA divided by the same ratio in the corresponding normal DNA sample. An LOH index of > 1.5 (loss of the smaller allele) or < 0.67 (loss of the larger allele) corresponded to at least a 50% reduction in relative band intensities. 27 MA was scored as present if one or both alleles at a given locus showed size variation; that is, either expansion or contraction, in comparison with the same allele in normal control DNA. 28 When calculating LOH, samples showing homozygosity and MA only were not considered, whereas when calculating MA, the samples showing LOH only were not considered. 29 Those samples showing both LOH and MA at the same locus was considered for calculating both LOH and MA. All samples showing LOH and/or MA were subjected to repeat analysis after a second independent amplification for confirmation, and typed with additional RFLP markers (NAT-KpnI, Hb-HinfI, Hb-HincIII, CYPIAI-MspI, and ALAD-RsaI) to verify correct pairing of the samples. 30 In all cases, the results were in concordance with our findings (data not shown). This LOH/MA analysis procedure could detect LOH when 50% tumour DNA was present and MA when only 10-30% tumour DNA was present. 26 
Detection of HPV-16 and HPV-18
The presence of HPV in the cervical lesions was detected by performing PCR using primers (MY09 and MY11) from the consensus L1 region. 31 Typing of HPV-16/18 in the L1 positive samples was done by means of PCR using specific primers from the E6 region of HPV-16 32 and the E7 region of HPV-18.
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The PCR products were electrophoresed in 2% agarose gel, stained with ethidium bromide, visualised under ultraviolet light, and photographed. For final confirmation of the HPV types, after gel electrophoresis the PCR products were transferred on to a nylon membrane for Southern hybridisation with [ 32 P] labelled HPV type specific probes. 34 DNA from the SiHa (for HPV-16) and HeLa (for HPV-18) cell lines and the HPV type specific plasmids were used as positive controls.
Statistical analysis of the clinical data
We used multiple polymorphic markers (n = 20) to investigate LOH at different regions of chromosome 3. For data analysis, we used two approaches: (1) for individual samples we determined the frequencies of LOH at individual chromosomal regions; (2) to determine whether the deletions in chromosome 3 were associated with the progression of the tumour, we determined frequencies of loss of individual markers using a fractional allele loss (FAL) index, as defined below by Wistuba and colleagues 28 : 3p FAL index = total number of chromosome 3 markers with LOH/total number of informative chromosome 3 markers To correlate regional loss with the progression of the tumour, we calculated the mean FAL index for each histological category (table 1). The t statistic was used for comparison of the mean FAL index of these histological groups.
We performed χ 2 analysis to determine the association between LOH at highly deleted regions and different clinicopathological features, such as parity, the length of time married, menopausal status, HPV infection (table 2) , and tumour stage (fig 2) . A p value < 0.05 with Yates correction was considered to be significant.
RESULTS

Molecular abnormalities (LOH and MA) on chromosome 3
Deletion mapping of chromosome 3 in the primary cervical lesions revealed that 44 of the 50 samples showed LOH/MA for at least one marker (figs 1, 3) . All the 44 samples with alterations showed LOH, whereas only seven showed MA, indicating the importance of chromosome 3 deletions in the development of CA-CX. The allelic losses of chromosome 3 gradually increased with progression of the clinical stage, and there was a significant correlation between the mean FAL index (p < 0.05) and progression of the tumour (table 1) .
The highest LOH frequencies of 33%, 53%, 48%, and 45% were detected at the chromosomal regions 3p26.1 (D3S1304), 3p22.3 (D3S1611), 3p21.2 (D3S1289/D3S3719), and 3p13 (D3S1284), respectively (fig 1) . However, the highest frequency of MA (10%) was seen at the 3p22.1 (D3S3685) locus (fig 1) . No sample showed high microsatellite instability; that is, > 40% MA in the markers tested.
Four cervical lesions (930, 1319, 3221, and 1879) showed molecular abnormalities (LOH or MA) at all the informative (table 2) . In addition, no association was found between the frequency of MA and different clinicopathological parameters (data not shown).
DISCUSSION
In our present study, we attempted to delineate a detailed deletion map of chromosome 3 in seven CIN lesions and 43 CA-CX lesions at different clinical and histological stages from an Indian patient population. We found that the short arm of Figure 1 Allele status of the chromosome 3 markers in the primary uterine cervical lesions. LOH, loss of heterozygosity; MA-1, microsatellite size alteration of one allele; MA-2, microsatellite size alteration of both alleles; LOH/MA, loss of one allele and size alteration of the other; RH, retention of heterozygosity; NI, non-informative; CIN, cervical intraepithelial neoplasia. D3S1297 is 1.9 Mb from chromosome 3p telomere. Although a similar type of accumulative increase in the frequency of chromosome 3 deletions was observed during the development of CA-CX in a Western patient population, 22 23 and in the development of lung carcinoma, 28 the analysis procedure used in these studies was different to ours. Those investigators analysed CIN/dysplastic samples and invasive samples from the same individuals, whereas we analysed CIN and invasive samples from different individuals.
Among the four highly deleted regions, deletions in the 3p26.1 and 3p22.3 regions appeared to be associated with the development of stage III-IV CA-CX tumours because of a significant increase of LOH frequency compared with stage I-IIB tumours (p = 0.04-0.005) (fig 2) . Although the deletion in these two regions overlapped with the deleted regions seen in CA-CX tumours in other studies, 21 23 35 none of these investigators showed a significant association of the deletions with progression of the tumour. The marker D3S1304 on the 3p26.1 region used in our study is approximately 3.3 Mb further towards the telomere than the VHL gene, which is associated with the development of renal cell carcinoma (RCC) and related tumours. 36 Thus, VHL or another nearby gene might be involved in the progression of later stages of CA-CX tumours. The D3S1611 marker on the 3p22.1 region is intragenic to the mismatch repair gene MLH1. 37 However, we did not see a high frequency of MA in the cervical lesions studied. This indicates that the mutator phenotype might not be prevalent in the development of CA-CX. This observation corroborates well with other studies on this tumour. 16 Thus, the high frequency of allelic losses at the MLH1 locus suggests that apart from mismatch repair function, the deregulation of other possible functions of MLH1 (for example, homologous recombination, mediation of the G2 checkpoint, transcription coupled nucleotide excision repair, recognition of DNA damage, and apoptosis) might be associated with progression of the tumour. 38 However, the analysis of other genetic/epigenetic alterations (mutation, methylation, etc) of the MLH1 gene in cervical lesions is necessary to know the exact mechanism of inactivation of this gene. Adjacent to the MLH1 locus another TSG, DLC1, was found to be located about 1 Mb towards the centromere, 39 but its involvement in the development of CA-CX has not yet been studied.
"Deletions in the 3p26.1 and 3p22.3 regions appeared to be associated with the development of stage III-IV uterine cervical carcinoma tumours" Deletion in the 3p21.2 region increased gradually from CIN to stage III-IV tumours and this region showed the highest percentage of deletion of all the four highly deleted regions at every stage of disease (fig 2) . Thus, it seems that deletion in the 3p21.2 region might be the earliest event among the four highly deleted regions. Similar to our results, Kersemaekers and colleagues 40 and Guo and colleagues 23 have detected a high frequency of LOH in this region in this tumour type. However, no candidate TSG has been identified in this region, although a cluster of candidate TSGs including FUS1, RASSF1, SEMA3F, ARP, and BAP1 are located about 3.0 Mb away, between the telomere and the D3S1289 locus of the 3p21.2 region. 41 Nevertheless, an association of these genes with the development of CA-CX has not yet been documented.
The absence of LOH at 3p13 in CIN lesions but the high incidence of LOH in later stages of carcinoma indicate that deletions in this region might be necessary for progression of the tumour from CIN to stage I-IIB (fig 2) . This region overlaps with the homozygously deleted region observed at chromosome 3p12-13 in a cervical carcinoma cell line. 42 Similarly, Wong et al have identified 52% LOH at the 3p13 region in CA-CX tumours. 43 The chromosome 3p12-14 region has been shown to suppress the tumorigenicity of an RCC cell line in a microcell hybrid system, suggesting the presence of a candidate TSG in this region. 36 Two candidate TSGs, NRC1 and ROBO1/DUTT1, associated with the development of RCC and lung cancer, respectively, are located in the 3p12-14 region. 44 45 However, we did not see high LOH in the ROBO1/DUTT1 locus using the adjacent marker D3S1274, although we have seen high LOH in this locus in primary head and neck squamous cell carcinoma. 46 The role of these genes in the development of CA-CX has not been analysed.
The low incidence (16%) of LOH in the D3S1300 locus, an intragenic marker of the FHIT gene, indicates that this gene is probably not associated with the development of CA-CX. However, using the same marker, Wistuba et al detected 56% LOH in this tumour type. 22 This difference in deletion frequency might result from differences in ethnicity, as reported by Hampton et al. 25 The involvement of this gene in the development of CA-CX cannot be ruled out completely without analysis of the mutation, methylation, and aberrant transcription profiles of this gene. The presence of rare biallelic alterations in and around the high LOH regions indicates that the LOH/MA in one allele might impose some selective pressure on the other allele for deletion or size alteration, which would result in a growth advantage for the tumour. A similar type of phenomenon has also been seen in the allelotyping of chromosome 3 in primary head and neck squamous cell carcinoma samples in Indian patients. 26 The occurrence of interstitial alterations and loss of normal copy of chromosome 3 in some samples suggest that these chromosomal alterations are needed for progression of the tumour. These types of chromosomal abnormalities in chromosome 3 and 17 have also been reported in primary head and neck squamous cell carcinoma tumours. 47 48 The high incidence (88%) of HPV infection in these samples suggests that HPV infection is a prerequisite for the development of cervical lesions. However, the absence of a significant correlation between HPV infection and the highly deleted regions indicates that HPV infection might have a causal association with the onset of CA-CX by affecting normal proliferation, differentiation, and apoptosis, and thus resulting in the accumulation of more mutations in the infected cells. 49 Thus, it can be concluded from our analysis that the differential deletions in the four highly deleted regions seen in chromosome 3p in the uterine cervical lesions are necessary for the development of specific stages of CA-CX progression. The loss of function of TSGs located in these regions may have a sequential cumulative effect in the development of this tumour. In addition, Huebner 50 has suggested that compound mutations in different TSGs located in different chromosome 3p regions are necessary for the development of lung, kidney, and other cancers. Along with these deletions, other molecular changes in the chromosome, such as MA, biallelic alterations, interstitial alterations, and loss of normal copy of chromosome 3, might play some role in tumour progression by imposing some selective pressure that provides a growth advantage for the tumour.
